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(57) Claim 

1. A process for determining an individual's HLA DPbeta genotype 
from a nucleic acid containing sample obtained from the individual 
comprising: 

a) ampliiying a sequence trom exon two of a DPbeta gene in the nucleic 
adds in the sample; 

b) mixing the amplified nudeie adds with a panel of sequence spediic 
oligonudeotide (8S0) probes, wherein each probe comprises a nudeotide 
sequence complementary to a variant sequence of a variable segment of said 
KLA DPbeta gene wherein the variant region is selected from the group 
consisting of the variablt segments loeaiad atcodons 8>11, S6, 65*67, 65>69, 76 
and 84>87, under conditions wh9r9in SSO prob9s bind to said amplified 
nudeie adds to fonn stable hybrid duplexes only if they are exactly 
complementary, and 

c) detecting hybrids formed between the amplified nudeie adde and the 
SSO probes. 



(11)AU-B-36908/89 
(10)633830 



8. StQuinet iptdfie digonttdibtidi (8S0) probei uttftil fbr 
dattnnining ta iBdividutl'i KLk DPbiU ftnotypi from a nudeie acid 
containing aamplt obtained fbnn tba individual, eaeh ofaaid probes 
compriaing a nucleotide aequenee that it totally eomplemenUi^ to a varian 
aequenee of a variable aegment aeleeted from the group eonsisUng of the 
variable aegmenta located at eodona S-ll, 86. 65.57, 65-69, 76 and 84.87 of the 
aecond exon of a DPbeta allele. 
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A proeesi for determining the genotype of an individual with respect to the alleles at the HLA DP locus Involves obtaining 
a sample of nucleic acid from the individual and hybfidixlng the nudeie adds with a panel ot probes speciHc for variant seg* 
menu of DPatpha and DPbeu genes. Because the variation between DPbeta atlelei it highly dispersed throughout the second ex- 
on of the DPbeta gene, the discovery of many different DPbeta alleles makes the proceu far mors discriminating and informative 
than cellular, RFLP, or serological methods* The proctsi can also be carried out on amplined nudeie add produced by the po- 
lymerase chain reaction tulng primers spedllc for the second uon of the DPatpha and DPbeta genet. HLA DP DNA typing 
methods are useful in the prevention of graft n^i^on and host venus graft disease, In determining susceptibility to autoimmune 
diseases* in providing evidence concerning the derivation from an individual of forentic tamples^ and In paternity testing. 
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METHOD FOR HLA DP TYPING 

This invention relates to tmethod and coooposidons for detennining the HLA DP 
genotype of an individual In a prefentd embodiment, the invendon relates to using gene 
amplificadon methodology disclosed and ehdmed in U.S. Patent Nos. 4.683,195 and 
4,683,202 and the dot>blbc and iuiele-spe probe technology as 

disclosed and claimed iiiu^. Patent 4,683,194. The inethods and probes of the invenUon 
ipecifleally relate to the deteedon of the polymorphic class 0 HLA DP genes. The 
invention relates to the fields of inoiecular biology, diagnosde medicine, and forensics. 

The class n loci of the human maiot histocompadbiliiy complex encode the HLA D 
cell surface glycoproteins which are expressed on B lymphocytes, activated T 
lymphocytes, macrophages, and dendritic cells. These proteins, which are individually 
designated DR, DQ, and DP, are composed of an alpha and a highly polymorphic beta 
subunit and are responsible for the presentation of andgen to T cells. The variability in the 
highly polymorphic beta subunit is localised to the amino>terreinal extracellular domain, 
which is thought to interact with die T ceU receptor and andgen pepdde fragments. Tht 
genes encoding the class n HLA proteins are located on die shon of chromosome six in 
humans. The genes encoding the HLA DPalpha and DPbeu chains are clustered at the 
centromeric end of Uiis region and, periups due to low levels of expression, were the last 
of die HLA D genes to be discovered and are, dierefore, die least well characterized. The 
stnicnires, sequences, and polymorphisms in die HLA D region have been reviewed in 
Trowsdale ei a1., 1985, Immuofil. Bg^ £2:5-43, incorporated herein by reference. 

The polymorphism of the HLA D region gene productt has, in general, been 
defined by serologic typing reagents and by die mixed lymphocyte culture (MLC) reaction 
in which T cell proliferadon in response to homozygous typing cells (HTC) is measured in 
culnire. The HLA DP andgens were originally defined by didr abOlty to stimulate a strong 
secondary response in specifically primedTcells, a mediod known as primed lymphocyte 
typing (PLT) and described by MawasfiigL. 1981, UssucAniigfiM 15:458^66; Wantci 
ll. l978,IimmmQgfillftdClfi:107.|15; and Shaw fiiAl., 1980, 1. Esfi. M^d- 112:565.580. 
The HLA DP anUgens elldt only a weak response in a primary MLC, and unlike the studies 
of HLA DR and HLA DQ polymorphism, die analysis of allelic variation In die HLA DP 
region has been compUcated by the lack of availability of serologic reagents and of typing 



eeB. I««Mltio«.d«,p«inceen'u«i'iM „d 

8I:1W4.I648) wUysei h«ve Indlciied th« the de^ite of polymwphlsm in the DP region 
may be more extensive than the cuntmly serologically. ImmunologlcaUy. or PLT-dcfined 

v^ielatfvelyextenslv^^ 

ccmin DP antfgeni However, the RFLP technique has certain limitations. An allele 
canying a variant sequence is identUUble only If the variant huclMtide is within the 
»««rfiic«iiie rfn ««ricdon enzyme used In the an^^^ 

ti^isinUnlcagedisequiUWumwith.spedficcoding sequence variad^^^ 
RFLP analysis simply provides evidence that • coding sequence variation exist, but does 
not piovide infomiation on the exact naniie of the variador. Moreover, rtladvcly large 
fiBgmems of die genomic nucleic acid must be used for die analysis. TTiis latter 

requirement often rules out die use of samples which have been k^^^ 
which result in the degradadon of die genomic DNA. 

^J'Tl^^ ™^ ^ "^'^ tpplicadons. Genedc 

revealed by RFLPanalysis in several cases of acute graft vs. host disease between 
apparently HLA.ldentlcaldonorandreciplentpairs.asdescribed by Amarail.. 1987 1 

PLT. Odum fii aL. 1986. Jlms Anflf ftni 2S:245»250. or by RFLP. Howell et al 1988 
E£a6.£Hll.Afi4ll.MlI5Ail:222.226. analysis. "-."owcllfitil.. 1988. 

'^?'!^**"''^'^*"*"^^^NA«mpliflcadon.die^^^ 
(PCR) technique, was disclosed by Mullis In U.S. Patent No 4 MnTf^rZT , 
JuUl^gPCRindiecloninga^lc^ 
^PatentNa4^3.202.bothofwhlchpatentdis^^ 

need not be Icnown. A sample of nucleic acid (DNA or RNA. aldiough RNA is teT 
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convened to cDNA In the KR preceu) it extncted end denatured, prefenbly by heat, end 
J hybfidixed with Qll|oniieMdepriineis which mp^^ Polymerization 

i , Is catalysed by a polyioeiiii in the pieteaee of deox^iieleotide triphosphates (dNTPs). 

This lesttltt In two "kmg ^um" which eontd^ 
S MfMlmtlyUnkedm 

itpUmedDNAIsagi^^ 

polynwri^ns con^dons, and a second cycle of i^lleadbn is inidated. The second cycle 
provides the two original strands, die two long products firom cycle 1 and two long 
products of cycle 2, and two "short products" replicated ftom die long products produced 

10 in cycle 1. The shon products conudn sequences (sense or andsense) derived from the 
target sequence and Hanked at die 5* end widi a primer and at die 3'*end with a sequence 
complementary to a prinner. On each addidonal cycle, the number of short products is 
replicated exponendally. Thus, die PCR process causes die amplification of a specific 
target sequence and allows for the detection of sequences initially presem in a sample in 

1 5 only extremely small amounts. 

Allelic sequence variations in the gene encoding beu-globin of hemoglobin and in 
die gene encoding HLA DQalpha have been detected by utilizing allele-specific 
oligonucleotides (ASO), which will only anneal to sequences diat match them peifectly, as 
described by Saiki fit al., 1986, Nature 221:163-166. These snidles also utUized die PCR 

20 procedure to amplify die DNA sequences present in die samples and a dot-blot technique to 
detect probe hybridization to the sample. 

Tlie present invendon solves die above listed problems in HLA DP typing and 
provides a relatively rapid, convenient, pracdcal, accurate, and reproducible mediod for 
J determining HLA DP genotypes. The method is based in part upon die finding diat diere 

1 25 ««l«^enuniberofprevioiJSlyunreportedDPbetaallelci. Thevariationbctweenalleles 
ii of • highly dispersed nature. TTie present invention also provides nucleic add probes for 
die legions of die HLA DPbeta gene diat are most informative in discriminating between 
different DP alleles for use in the mediod. 

TTiese oligonucleotide probes are called SSOs (sequence specific oligonucleotides). 
30 which, under the appropriate conditions, are able to bind specifically to Uieir 

complementao^ sequences. If a particular probe can be used to identify uniquely an allele, 

die probe is called an allele specific oligonucleotide (ASO). Because of die dispersed 
i of ^ variation between die DPbeta alleles, rarely is any one probe able to identify 

1 uniquely a specific DPbeti allele. Radier, according to the rnedwds of die present 
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invendon, the identity of tn illele It intoied ftom the pattern of binding of t panel of 
pfobei. wlilt etch individttil pfobeof the panel ppeeifle for diffei^^ segments of the HLA 
DP gene. Th» probes comprise a hueleodde seqaeno^ totally eomplementaiy to a variant 
sequence of a variable segment of a DP gene. TTte eomplementaiy sequence of the probes 
5 is usually ftom 10 to 30 nucleotides in length, roost oftoi J7 to 19 nucleotides in length. 

As noted above. PGR is quite an imponam lool in nucleic acid based dlagnosdc 
medMds. Hie novel probes of the invention can of course be used to detect specific 
sequences in PCR-amplified DNA. To enable practice of PCR-based, HLA DP DNA 
typing, the present invention provides oligonucleotide primers that allow for the 
10 amplification ofinfbmuitiveDPregions via PGR. 

Accordingly, one aspect of the invention is a process far determining an 
Individuals HLA DP genotype ftom a nucleic add containing sample obtained from the 
individual comprising: (i) amplifying a target region of said nucleic acid which contains a 
polymorphic region of an HLA DP gene; (b) hybridizing the amplified nucleic acid with a 
1 5 panel of sequence specific oligonucleotide (SSO) probes specific for variant segments of 
HLA DP genes under conditions tiut allow said SSO probes and amplified nucleic acids to 
fonn stable hybrid duplexes: and (c) detecting hybrids fanned between die amplified 
nucleic acids and die SSO probes. 

Another aspea of die invention reUtes to Idu useftd for deteraiining the HLA DP 
20 genotype of an individual; diese kin comprise a panel of SSO probes for alleUc variant 
sequences in said target region; and (b) instnictions for determining die genotype by 
utilizing kit ingredienu. 

To aid in undersumding die invention, several tenu are defined below. 
"Genotype" refers to a descripdon of d»e genotypic variants of an allele present in 
25 an indi<,idual (or sample). The genotype of an individual may be determined, for example, 
by Uk use of serologic reagents, by die use of typing cells, by RFLP analysU of die 
genome, and, as diMussed below, by die use of SSOs. 

-HLA DP region" or "DP" refers to diat region of die HLA D complex, described in 
Trowsdale fit >1.. gUBO. which lies on die centromeric side of die HLA D region and 
30 contains two alpha and two beu genes, one pair of which aro pseudogenei 

"OUgonucleodde" refen to primers, probes, nucleic acid fragments to be detected, 
nucleic acid controls, and unlabeled blocking oligomers and is defined as a molecule 
comprised of two or more deoxyribonudeptidesorribonucleotides. The exact sire of an 
oligonucleotide will depend upon many facton and die ultimate fiinction or use of the 
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lifonucteodde, Ollgonucleoildeicin be pttp»«i 1^ «V tulli&f^ Such methods 
li«lude.fo^eumple.cbiUngtiuImtrictfonofi^^ 

^^1^1 */J!I'*Il^ " Phosphotrieiter method of Ninutg a ll.. 1979. Mah. 
BKmfl|.ffl:9(h thephosphodlesterm^^^ 

a.1839.1862; and the solid support method in US. Piteni No. 4,458,066. 

•PolymeipWc'' or DNA polymorphism- lefers to the bondidon in which two or 
nm variations ofiipecificDNA sequence coexist in 

PHmer" lefers to an blifonucleodde, whether natiiral oriynthede, capable of 
•rtng ai a pdnt of inidadon of DNA synthesU under conditions 
primer extension product complementary to a nucleic acid strand is induced. i.e., in the 
pn^ce of four differtm nucleotide triphosphates and an agent for polymeritadon (l.e., 
DNA polymerase or reverse transcriptase) In an appropriate buffer and at a suitable 
temperature. A primer is preferably an ollgodeoxyribonucleodde and is single stranded for 
inaxlmum efficiency In amplincarion. but may also be double smmded. If double stranded 
theprimer Is first treated to separate iu strands before being used to prepare extension ' 
products. The exact length of a primer win depend on many factors, but tjpically nnges 

form sufnclendy stable hybrid complexes wiU, U,e template. A primer need not reflect the 

ZSirT"* ^ "^^'"^'y complemenuuy to hybridire with a 

temptote. An example of a non^omplementary sequence which may be incorporated into 
U^pri^ 

"'^'»w"»«•<'lw»l^lnl)'Iefef»II1«thM0MI»Jm^,^ 
lequence,! l«rtmer"liKMall,.eonenionofpitowoUgo«»deotldocontdnin/ 

^ Vcc^. phMochemtel. blochortcrt inmm,6mll^aL^n^^ 
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Ti^pnwJItef^whleh ihUien or 

bacteriS^gln, that cut double.it«ided DNA or^n^^^^^ 

.R^eilon fragmeni length polymorphism- or -RFW refer, to the difference, In 
DNA nudeoUde sequence, that are randomly distributed throughout the ent^n^ genome 
Td Jpl^uce Afferent mtricUon endonuclea« pattern, for different individual, upon 

exacUy «mplementary sequence «o the sequence to be detected. tyP^ally sequen^^^ 
r^teri Jof . piucular DP allde, whld. under •,equence.,pecinc hybridlraUon 
condlUons will hybridlie only to that exact complementary target sequence. The 
,5 Tybridlratlon Is under stringent condlUons. Stringent hybridlratfon condWon, ijre known 
n ait. and are de,cribed. for example. In Manlads et d.. Mdecular Cloning: A 
L^rato; Manud (New York. Cold Spring HariH>r Ld,oratory, 1982). Depending on 
irrS^ces bdng andyted, one or more sequence-speclHc oUgonudeoUde, may be 
^pj^r for each seqlTce. m term, -probe- and -SSO probe" are used 

,0 ^ ^ , ,eld which I. to be analyzed, which 

heat and which catdyre. the polymeriiatlon of nudeoUde. to form primer extension 
26 producu tf»at are complementary to one of Oie nucldc add strand, of U>e target .equenj^. 
Oenerdly. Uie enzyme wUl inlUate synUtesls at ttie 3'^d of tt»e target sequence uUllilng 
U,e prim^ and wlU proceed to fte 5»^lrecUon dong ti»e template unUl synthes , 
terminates. A purified Uieimostd>le polymerase enzyme is described more fully In 
European Patent Office (EPO) PubllcaUoo 258.017. incoiporated herdn by reference, and 
30 is commeicldly avdlable from Pcrkln-Hmer Cetu. Instruments. 

Disclosure of the Invention 
According to a first embodiment of UUs tovenUon tiiere I. provided a process for 
determining an indlvldud's HLA DPbett genotype from a nucldc add contdnlng sample 
obtdnedfromttietodlvidud compridng: , . , 

a) amplifying a sequence from exon two of a DPbeta gene to *e nucldc add, In 

*'**'*br^* mixing U»e amplified nuddc add, wiUt t pand of sequence specific 
ollgonucleoUde (SSO) probe,, whereto each probe comprise, a nudeoUde sequence 
complementary to a variant wquence of a variable wgmcnt of »id HLA DPbeia gene 
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wherein the viriani region is selected from the group consisting of the variable segments 
located at codons Ml, 36. 55.57. 65^9, 76 and 84-87. under condiUons wherein SSO 
probes bind to said ampUAed nueleie acids to form suble hybrid duplexes only If they are 
exactly complementary; and 

8 c) detecting hybrids formed between the amplified nucleic acids and the SSO 
probes. 

According to a second embodiment of this invention there Is provided an 
oligonucleotide probe selected from die group consisting oft 

SXJAATTACCmTCCAOOOAs SAmCOTOTACCACTTACX}; 
S'ATTACCTOTACCACnTA; StOTAACTOOTACACOTAATi 
SCOTCCCT0CTACACOTAAT;5*ATrACCT0CACCACTrACG; 
5WroCTOCOOAOTACTO;5CAOTACTCCTCATCAOQ{ 
S^CTACTCCOCaCAOO; S-CCTOAOCCOOACTACTO; 
SCCrO ATOAOOACTACTC: iiGACATCCTCOAOOAGAAOC; 
S^KrrOCTCCTCCAOGATGTC: SCACTTCCrOOAOOAOAAGC; 

5«CTCCTCCTCCAOOAOGTC5S«ACCTCCTOOAOOAOOAO; 
SCACCTCCTOCAGCAGAOO; S'CTGCAGGOTCATOGGCCCCCGi 
SCrOCAGOCTCACCOCCTCCTC; S^AATTACCTmCCAOGGAC; 
5CACCTCCTG0AGCAGGA0C; 5«ACCTCCT0GAGGACAGGC; 
SAGCTOOOCObGCCCATOAC: S'AGCTOGACOAOOCCGTGaC; 
5'CTOCTCOGGCCCATCACC: 5ACATCCT0GAG0AGAAGC; 
5'ACATCCTGGAGOAGGACC;5ACCTCCTOGAOCAGAACC: 
STTACCTOTACCTOOCAC: 5'CCTGATGaGGAGTACTG; 
S CTGGOCGOGCCCATG: and 5'CTOGACGAGGCCGTC. 

JO According to a Uiird embodiment of tills Invention tiiere Is provided a primer 
selected from tiie group consisting of DBOl, DB03, UG19 and UG21 primers. 

According to a fourth embodiment of tills invention tiiere is provided sequence 
specific oligonucleotide (SSO) probes useful for determining an individual's HLA DPbeta 

» genotype from a nucleic acid containing sample obtained from tiie Individual, each of said 
probes comprising a nucleotide sequence tiiat is totally complementary to a variant 
sequence of a variable segment selected from tiie group consisting of tiie variable 
segmenu located at codons 8-1 1 , 36, 55.57. 65-69, 76 and 84-87 of tiie second exon of a 
DPbeta allele, 

20 According to a fifUi embodiment of tills invention tiiere is provided a kit useful for 
dciermlning an individual's HLA DP genotype comprising a panel of SSO probes for 
allelic variant sequences in laid target region according to tills Invention. 

According to a sixtii embodiment of tills invention tiiere is provided a process for 

25determlnlng an individual's susceptibility to an autoimmune disease comprising 
determining ttie individual's HU DPbeu genotype according to tiie process of this 
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invention ind determining wlietlier tlie indlvidusi's genotype is one which is linlced to an 
autoimmune disease. 

Aecording to a seventh embodiment of this invention there is provided a process of 
providing forensic evidence concerning the derivation of a sample which contains genomic 
5 nucleic acids comprising determining according to the process of this invention the HLA 
DPbeta genotype of the umple and of a suspected individual, and comparing the HLA 
DPbeia genotype of the individual and of the sample. 

The present invention provides processes and reagents for determining the HLA DP 
genotype of an individual. In part, the invention resulu from the discovery of 
10 polymorphisms in the variable second exon of the HLA DPbeta genes by the combined 
methods of PCR amplification, cloning, and DNA sequencing. As a result, 22 DPbeta 
(DPB) allelic variants have been discovered. Based upon the novel sequence of these DP 
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genes* SSO probes are provided for the detection of the vtriant genotypes. The variations 
between the different DP alleles are dispersed. Hierefore. one probe alone is rarely able to 
identify uniquely a ipedfic DPbet» allele* Rather, the identity of on allele is infened (torn 
the pattern of Unding of a panel of probes« with each individual probe of the panel speciflc 
to different segnnents of a DP gene. 

In a preferred embodinnent of the invention, the process for DNA based typing of 
HLA DP genotypes is comprised of amplifying a nucleic acid sequence which contains a 
variable ponion of an HLA DP gene, determining dw variant HLA DP sequence present 
using SSO probes; and inferring the HLA DP genotype fkom the pattern of binding of the 
SSO probes to the amplified target sequence. To facilitate pracdce of this preferred 
embodintent, the present invention provides primers useAil in amplifying by PGR the HLA 
DP target region. 

In this preferred noethod, a sample containing nucleic acid is obtained from an 
individual whose HLA DP genotype is to be determined Any type of tissue containing 
HLA DP nucleic acid may be used for purposes of the present invention. Because the 
present invendon also is compadble with amplified nucleic acids, and because the PGR 
technique can amplify extremely snudl quanddes of nucleic acid, samples containing 
vanishingly small amounts of nucleic acid can be typed for the presence of particular HLA 
DP variants by the method of the present invendon. Far instance, even a single hair, 
contains enough DNA for purposes of the present invendon, as evidenced by the woric 
with DQalpha described by Higuchi tX al*i 1988, Ntnifft 122:543-S46. 

In general, die nucleic acid in the sample will be DNA, roost usually genon:iic DNA. 
However, the present invendon can also be practiced widt other nucleic acids, such as 
messenger RNA or cloned DNA, and die nucleic add may be eidier single-stranded or 
double-stnnded in the sample and sdll be suitable for purposes of die present invention. 
Those of skill in die an recognize that whatever dv: nature of die nucleic acid, die nucleic 
acid can be typed by die present n\ediod merely by taldng appropriate steps at die relevant 
stage of the process. If PGR is used to amplify die nucleic acid in die sample, Uien die 
sample will usually comprise double*stranded DNA when typed widi die novel probes of 
die invendon. 

As noted above, in a preferred embodiment, die HLA DP typing mediod and probes 
of die invendon are used in conjuncrion with PGR-ampUfied target DNA. Those practicing 
die present invendon should note, however, thai ampUficadon of HLA DP target sequences 
in a sample may be accomplished by any Icnown method which provides sufficient 



« «»» by mieleie acid hybridiradon to an 

PmmM^}f«^^ «« M (see U,S. Patent Nos. 
^^^t^^mm «d ilihwgh 1 viffe^y of eoirnnertW vendors, such as Pcrkln. 
anayOei^, |„«^^^ PCR iwgcnu aiul publish protoeols. some general 
PCR tefomiition b provided below for purposes of clarity and fkiU understanding of the 
wvendon » those unfluniJIar with the PGR process. 

.^^K^^'*? ' ^ fa a sample by PCR. the sequence must 

f "I a' T**?"* «»Hfieaiico system. In general, this accessibiUty is 
ensured by Isoladng the nucleic acids ftom the sample. A variety of techniques for 

wtiacting nucleic acids ftom biological samples are known Indie art Forexample see 

Cold Spring Harbor Uboraioiy. 1982X Altemadvely. if the sample is fairly readily 
disupiable. the nucleic acid need not be purified prior to amplification by the PCR 
technique. i.e.. If the sample U comprised of ce»ls. pardculariy peripheral blood 

•ccomplished merely by suspending the cells fa hypotonic buffer. 

8«a'.sethenucleicaddinU.esamplelsfirstdenatured(.ssumingAe«^^^^ 
nuddcacidlsdoubl^stranded)^ 

some sample, lesulu in the disruption of cells, isolation of nucleic acid ftom the sample 
can sometimes be accomplished In coigunction with strand separation. Strand separation 
can be accompUshed by any suitable denaturing med,od.how^.lnclu^^^^^^ 

Wcalheatdenanttttioninvolvestemperatmesnuigiilc 
lh)m.bout80CtolW-Cfortimesr«,gingto^^^^ 

«»n.lo,«»»,to.,»lllW„a,„aU.c«*odl«.».fU«PCRp™c^ 



WOB9/1IS47 



PCr/US89/02169 



9 

etalyied by i hett-stable polymeme and carried out it an elevated tempenture, Tht 
lernpemuit tt one tt which tfie eniyme to thennottablei md at which the nucleic adds are 
in an equtlibriuin single and double strands» lo that sufnciem primer will anneal to 
tetnpUtettntftdstoallowtreasonableftteorpolynMrization* In the preferred CRibodiment 

5 of the PCR process, howeveri strand separadon Is achieved by headng the reacdon to a 
sufficiently high temperature fbr an effecdve time to cause the denaniradon of the duplex, 
but not to cause an irreversible denanxration of die polymerase (see BP No. 2S8|017). 

No matter how strand separadon is achieved, however, once the strands are 
separated, the next step in PCR involves hybridizing the sepaitted strands with primers that 

10 flank the target sequence. The primers are then extended to form complemenuuy copies of 
the target strands, and the cycle of denaturadon. hytaridizadoni and extension is repeated as 
many dmes as necessary to obtain the desired amount of amplified nucleic acid. 

As noted above, the present invention provides PCR primers for HLA DP DNA 
amplification and typing. These primers are complementary to sequences in the conserved 

15 regions that flank the target sequences in the variant regions of the HLA DP loci* For 
purposes of the present invention, the prefenred variant region cf the HLA DP loci is the 
second exon of die DPalpha and DPbeta genes. For successful PCR amplification, the 
present primers are designed so that the position at which each primer hybridizes along a 
duplex sequence is such that an extension product synthesized from one primer, when it is 

20 separated from its template (complement), servek u a template for the extension of the 
odter primer to yield an amplified segment of nucleic acid of defined length. Moreover, 
primers are provided that will bind preferentially to the HLA DP region under selective 
annealing condidont 

Template-dependent extension of primers in PCR is catalyzed by a polymerizing 

2s agent in the presence of adequate anx>unts of four deoxyribonuclcotide triphosphates 

(dATPt dOTP, dCTP, and dTTP) in a reaction medium comprised of the appropriate salts» 
metal cations* and pH buffering system. Suitable polynoerizing agenu are enzymes known 
to catalyze template^dependent DNA syndiesis. For example, if dte template is RNA, a 
suiuble polynnerizing agent to convert the RNA into a complementary DNA (cDNA) 

30 sequence is reverse transcripuse (RT), such u avian myeloblastosis virus RT. Once the 
target for amplification is DNA, suitable polymerases include, for example, £. sali DNA 
polymerase I or lu Klenow fragmetttt T4 DNA polymerase, and Taq polymerase, a heat 
suUe DNA polynwrase isolated from Thgrmuraguirigut md commercially available from 
Perkifl*Elmer/Cetus Insemmenii fPECIV The latter enzyme is widely used in the 
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•mplifiearion ud lequendnt of nucleic idds. The retetlon conditions for using DNA 
polymenses are known in the art, end ire described In, for example, the treatise Methods 

in EnWmQlPgy , and In Manlads et ah. MoleeulMr anntny a Liboratftry Manual , gupnt . 

The PCR method can be performed In a itep>wlde fashion, where after each step 
new reagents are added, or In a fashion where all of the reagenu an added simultaneously, 
or In a partial step-wise fkshion, where flresh or different reagents are added after a given 
number of steps. For example. If strand separadon Is Induced by heat, and the polymerase 
is heat-sensidve. then the polymerase will have to be added after every round of strand 
separadon. However, if, for example, a heliease Is used for denaturation, or If a 
dieimosttble polymerase Is used for extension, then all of the reagents may be added 
Inldally, or, altemadvely. If molar ratios of reagents are of consequence to the reaction, the 
reagents may be replenished periodically as they are depleted by the synthedc reaction. 

Thost skilled In the art will know diat the PCR proces is most usuaUy carried out as 
an automated process with a thermosuible ensyme. In diis process, the reaction mixnire is 
cycled through a denaturing region, a primer annealing region, and a rcacrion region. A 
machine spedlicaHy adapted for use with a thermostable enzyme is disclosed more 
completely in EP 236.069 and Is commercially available ftom PEQ. 

One reason, as noted above, the PCR process is imponant in the method of the 
present invention is that die PCR process can be used to ampUfy the sample nucleic acid 
prior to HLA DP DNA typing. Another Imponant use of PCR for purposes of the present 
Invention, however Is for determining the nucleotide sequence of previously undiscovered 
allelic variantt which exist In the HU DPreglon, so that probes for diose variants can be 
constructed and used in the present method. In this use of die PCR process, polymorphic 
regions of die DPalpha and DPbeta genes are ainpUfled. and die nucleotide sequences of 
these polymorphic target regions, for example, die second exon of die DPalpha and DPbeta 
genes, are determined. As Illustrated below. It Is also useful for die cells oonudning a 
particular variant to be typed by serological typing, mUed lymphocyte typing, or primed 
lymphocyte typing to correlate die nucleotide sequence of a particular variant wiUi the DP 
type established by prior ait mediods. 

Analysis of die nucleotide sequence of die target region of a DP variant allele can be 
readUy performed by direct analysis of die PCR products. A preferred sequencing protocol 
Is described by Innis gi iL, 1988, Edjc Mail. Acad. Ssl 41:9436.9440, Incorporated 
hereto by reference. A process for direct sequence analysis of PCR amplified products is 
also described by SalU fit at, 1988,Sclfiflam487.49l. Altemadvely, die amplified 
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ttrget sequence may be cloned prior to sequence tnalystSt u described by Sdiarf st 
1986. SdfiOES 223:1076-1078. 

As diseussed in die Exunples below, i panel of DPw ^ped cells, representing a 
large number of different haplotypes, have been analysed by PGR and nueleodde 

s sequendng of Uie second exm of the DPbeta gene. As a result of this effort and similar 
efforts using samples obudned from a variety of individuals suffering from autoimmune 
diseases, discussed in greater detail below, 22 Cerent allelic variants in this locus were 
discovered. In general, the results demonstrated that ^edfie DPbeta sequences correlate 
with (he standard PLT*defined DPwl duough DPw6 speeiflddes. Hie rare exceptions 

10 may reflect the difHculty of obtaining a standard and reproducible PLT DPw typing system, 
which difficuldes highlight the advantages of die present mediod. In this regard, it Is 
relevant that the cell line Cox, originally typed as DPw 1 , has recently been retyped as 
DPw3 and contains the DPB3 allele. 

Other interesting and important correlations between die serologically defined DP 

15 types and DP variant nucleotide sequences have been discovered as a result of the advances 
provided by the present invention. For instance, die DPw4 type of die {ffior an can now be 
subdivided into two DPbeu subtypes (derignated DPB4.1 and DPB4.2) by die method of 
die present invendon. The DPB4.2 allele was found in two (APD and LBI) DPw4 
honx>zygous typing cells (HTCs) known to have an unusual DPw4 typing. DPbeta 

20 subtypes (designated DPB2. 1 and DPB2.2) for die DPw2 type were also discovered as a 
result of die present invention. 

Yet anodier significant advance provided by die present invendon relates to die 
discovery of a large number of variant DPbeta alleles in a yariety of cells diat typt by die 
prior art mediods u DP "blank." These variant alleles have been designated widi DPB 

23 numbers of 7 and above. Further analysis of DPw blank haplotypes will probably lead to 
die identification and charaaeriution of additional DPbeta alleles duit can dien be typed 1^ 
die present mediod. DPw blank cells are diose which fail to stimulate die existing PLT 
panels of T ceil reagents. Unlike die serologic DQw blank specificity, which, as described 
by Horn si gl., 1988, das* tM' Sfii> USA 22:6012*6016. is encoded by a unique 

30 DQB sequence, the DPw blank specificity is heterogeneous. Beause die haplotypic 
frequency of the DPw blank is estimated to be 40%. die present invendon is especially 
tanportant in diat it for die first rime enables die subtyping of diis large DPw type. 

The availability of DPbeta DNA sequences (torn DPw typed cells not only makes 
possible die subdivision of the serological DPw types but also makes possible die 
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identlficaUon of the linear epitopes defined by terologic and cellulv typing leagenis. For 
example, the andbody SP42 reacts with DPw2 and DPw4 cells. The only sequence unique 
to diese two speeiRddes is the OlyOlyProMei fOOPM) at posidons 84 to 87, which arc 
*erefore beUeved to consdtute the SP42 epltops. likewise, the andbody SP3 reacts with 
DPwS and DPw6 cells, as well as with some ad didonal ceUs like die DPw Uank lines Tok 
and AUba. TTjesc lines bear die specificity Cp65 and contain die closely related DPbcta 
alleles DPB9 and DPB12. Tht only sequence u dque to SP3 reacdve cells is the acidic 
AspOluAsp (DED) sequence at posidons 55 to ;>7. Tie SP3 epitope dieiefore seems lo 
map to dtis region of the DPbcta chain. 

As yet another example of how die novrj DP sequences of the invention allow the 
mapplngofsePologica!lydennedepiiope$,the^ntibodyDPIl.l itacis wid> DPw2 and 
DPw4 cells. Bodmer a al.. 1987, EcBC. Afiad. Sci. USA B4: 1644- 1648, showed with 
Western blot analysis diat d)is andbody binds to (ttt DPalpha chain. Given die pattern of 
DPbeta polymorphisms provided by the present invenrion, diis observation suggests that 
15 the DPI 1.1 antibody binds to a confomiational determinant formed by U»e DPalpha chain 
and DPbcta chains containing die OlyGlyProMet (00PM) sequence at posidons 84 to 87. 

Polymorphic residues in die HLA DP region may also consdnite epitopes 
recognized by T cell clones. CeUs firom clone 1666 react widi DPw5 and some DPw2 
cells. ABL (DPB2.2) is positive and WPV (DPB2.1) is negative, as disclosed at die Tenth 
20 International Histocompatibility Workshop. These C1666 ceUs may recognize die 

OluAUOlu (EAE) residues at position 55 to 57, because diis sequence is unique to die 
DPB2.2 and DPB5 alleles. A Uu (as opposed to Phe) residue at position 35 is also unique 
to C1666 reactive cells. 

The same approach of correlating specific polymorphic residues widi DPw 
25 specificities can be used to map die epitopes deflned by PLT typing. For example, die only 
difference between die DPBll and DPB4.2 alleles is die Olu to Lys change at position 69 
Because cells containing diese alleles are distinguished firom each odier in die PLT system 
die charge of die polymorphic position 69 residue te believed to be involved in die epitope ' 
recognized by PLT typing cells. Similarly, the only di^Teitnces between die DPB3 and 
30 DPB6 alleles is die Lys to Olu substitution at position 69, as weU as Val to Met change at 
position 76. 

As illusnaied by die foregoing, die novel DPbeta sequences provided by die present 
invention not only provides the basis for a veiy useful DPbeta DNA typing method but 
provWes much useful information in die interpretation of serological DPbeta typing results. 
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Hie present invention also enables one to peifom HLA DNA typing not only on the 
DPbeu locus but also on the DP«lphi locus it vvell. As iUustnted bdow, at the present 
time, only two virlint alleles an known to exist at the second exon of the DPalpha locus 
(see Trowsdale fit ll>» uqcb). Tlie protein sequences encoded-by the second exon of these 

S two alleles (these alleles are designated DPA 1 and DPA2) differ from each odier by only 
three annino acids, and these differences do not appear to conelaie with any specific PLT* 
defmed type. Thus, the DPalpha vviadon is much less extensive than predicted by the 
RFLP variation detected with DPalpha probes (see Hyldlg-Nielsen fii fil., 1987, fims. IM- 
Acad. Ssi USA 84:1644*1648), suggesdng that most of the polymorphisms detected in 

10 die DPalpha gene by RFLP analysis are eidier in noncoding sequences or In a nearby 

DPbeu locus. The observed conelations between DPw types and DPalpha RFLP maricers 
therefore probably reflects linkage disequilibrium between DPbeu sequence variadon and 
die polymorphic restriction sites detected with die DPalpha probe, as does die associadon 
between DRalpha RFLP markers and DR spedfieides (see StetJer si si., 1985. £[Q£. J^. 

IS Aud. Sd. USA 82:8100-8104). 

The DNA sequences of die DPalpha and DPbeu genes serve as a useful starting 
point In the design of the sequence speciflc oligonucleodde probes of die present invendon. 
These probes are designed so thai, under stringent hybridizadon conditions, the probes 
hybridize specifically only to exactly complenventaiy sequences in variant segments of the 

20 DPalpha and DPbeu alleles. These SSO probes may be of any lengdi which spans tht 
variant sequences in a variant region and allows for sequence specific hybridization, but 
preferably die hybridizing region of the probe is short, in die range of 10 to 30 bases, and 
more preferably is about 17 to 19 bases in lengdu For inunobilizadon, die probe may also 
contain long stretches of poly T which can be fixed to a solid support by iiradiadon. 

25 The SSO probes of die invendon are also designed to hybridize specifically with a 

panicular variant segment of a DP allele and to have desubUizing mismatches widi the other 
variant sequences known for die panicular segment PrefcFBbly. die probes are specific for 
variant DNA segmenu in die variable second exons of die DPalpha and DPbeu genes, and 
even more preferably, die probes are specific for DNA segments encoding die residues near 

30 positions 8*1 1, 36, 55-57, 65*69, 76, and 84*87 of die second exon. Oligonucleotide 
probes which have been designed to hybridize specifically to die second exons of die 
DPbeu and DPalpha alleles ve described in more detail below and In die Examples. 

Tbe probes of die invention can be syndiesized and labeled using die techniques 
described above in the tSscussion of PGR primers. For example, die probe nuy be labeled 
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pattern of Unding of • panel of SSO probes. Although tingle probes of the invention can 
cotainly be used to provide usefiil infotmadon. die varladon In the DPbeu alleles is 
dispersed in nature, so rarely is any one probe able to Idendfy uniquely a specific DP 
variant. Ratfier, as shown in die Examples, dte idendiy of anillde is infeired ftom die 

S pattern of binding of a panel of SSO probes, vMch are specific to different segments of the 
DPalpha and DPbeta genes. 

DMA typing of HLA DP alleles is useftil for many different purposes. For 
example, DPbeta polymorphism is involved in dssue rejection of allografts. Bone nurrow 
transplantadon studies revealed diat diree apparendy HLA>idendcal dono^recipient pairs 

1 0 who exhibited acute graft versus host disease and weak MLC reactivity were, by RFLP 
analysis, all different in the DP region, as described by Amar fit gl., 1. Immtinologv 
12S:1947. Thus, useful methods for preventing graft rejection will involve matching the 
HLA DP types of the donor and recipient by applying die present mediod of HLA DP DNA 
typing: inferring dte HLA alleles present in donor and host from die pattern of 

1 5 hybridization of SSO probes to DPbeu and/or DPalpha nucleic acid sequences present in 
samples obuined from bodi donor and host. 

Anodier important application for die present mediod of HLA DP DNA typing is in 
detemtining an individual's susceptibility to autoimmune diseases linked to certain HLA DP 
alleles. Hie association of particular DP alleles widi an autoimmune disease can be 

20 discovered by using die present mediod to detennine die frequency with which a given 
allele is present in individuals suffering ftom die autoinnmune disease and comparing that 
frequency with die frequency determined for healdiy individuals of a control group, as has 
been done with other HLA typing systems. For example, Howell fit al., 1988, Proc . Natl . 
Afiad> Sd USA &S:222>226. reported a significant association between coeliac disease 

25 (CD) and a pair of HLA DPalpha and HLA DPbeta RFLPs. Such studies often provide the 
additional benefit of the discovery of previously uncharacterized DP alleles, in bodi patient 
and control groups. For instance, die DPB13 dirough DPB19 alleles, die sequences of 
which represent an important aspect of die present invention, were discovered in die course 
of snidies involving autoimmune disease patients and control groups. 

30 In just such a fashion, an initial study of four CD patienu who were typed by die 

mediod of die present invention revealed diat die DPB4.2 allele confers CD susceptibility. 
A more extensive study, based on samples from Italian individuals, also showed diat the 
calculated relative risk (RR) of CD for die DPB4.2 allele is 9.3 and diat six of die eleven 
CD padeno typed by die present mediod carried die DPB3 allele. About 78% of CD 
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patients examined by the present method carry dther the DPB4^ or the DPB3 alleles, so 
that die RR for the presence of eidier of lihese alleles is 13.5. In yet another swdy of U.S . 
individuals with O, an increase in the DPBl allele frequency, as well as an increase in the 
DPB4.2 allele ftequeney, was observed when con^ared to the frequency of these alleles in 

5 a control group. Such studies also revealed that specific eombinadons of DQbeu alleles 
(DQB2), DQalpha alleles (DQA4) and DPbeu alleles (DPB4.2 or DPB3) are associated 
with increased risk of CD susceptiUliiy. 

As shown from the foregoing, the present invention provides imponant new 
methods for determining the CD suscepdUliiy of an indi^dual, which methods comprise 

10 determining whether an individual carries a DP allele associated widi CD suscepribility. As 
shown herein, such CD suscept{biUty*confetring alleles include dte DPB4.2, DPB3. and 
DPBl, alleles, and u DPB4.1 is a relatively common allele, diere is an increased frequency 
of the genotype DPB4. 1/4.2 in CD susceptible individuals. 

As wid) CD, the present invention provides similar advances wiUi respect to other 

15 serious autoimmune diseases. For instance, snidies that correlate allelic frequency with 
disease show that the frequency of speciflc DPbeta alleles appears to be higher in insulin 
dependent diabetes RKlIinis (IDDM) and myasthenia gnvis (MO) patients dtan in otherwise 
HLA matched controls. For MO, the frequency of DP alleles that code for the sequence 
DEAV at the 3' end of the second exon, such u DPB3 and DPBS, is increased. In 

20 addition, tht frequency of the DPB4. 1 allele in MO patients (relative to healthy conool 

individuals) is dramatically decreased, suggesting dtat DPB4.t itiay confer protection from 
MO. For IDDM, the frequency of DPbeta alleles DPB2.1, DPBl, DPB4.1, and DPB13 is 
increased. Many of the IDDM patients studied Uiat carried the DPB 1 3 allele also carried the 
HLA alleles B18 and DR3. 

25 Hie DP typing medtods of die present invention have also provided important 

advances in determining wheUier an individual is susceptible to certain forms of arthritis. 
For instance, patients widi classical rheumatoid factor positive adult rheumatoid arthritis 
(ARA) show an increased frequency of die DPB4ul allele, aldiough more studies must be 
completed to ensure that diis increase is sntistically significant In addition, scientists have 

30 long Icnown diat die DPw2 serologic type is associated widi susceptibility to pauciarticular 
Juvenile rheumatoid anhiids (JRA). As noted above, die present invention has for die first 
time allowed die serologic DPw2 type to be subdivided into two DPB DNA types, and the 
disease'Suscepdbiltiy typing methods of the present invention demonstrate diat die Icnown 
DPw2>associated susceptibility lo JRA is more specifically attribut^le to die DPB2. 1 
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aUele. About S5%ortheJRA piriemi examined were positive IbrDPBll, while only 
16% of control individutli had this allele, giving a RR of 6.3 for JRA in Individuals with 
the DPBll allele. The associadon of JRA with die DPB2.1 allele Is independent of 
linkage with previously defined HLA DP region maricers. and the significance of this 

5 DPBll associadon with JRA can be more readily appreciated when one considers that the 
DPB2,1 sequence differs from the DPB4.2 allele (apparendy not associated widi JRA 
suscepdUlity) by only one amino acid at posidon 69 of die Bl domain. It should be noted, 
however, diat most JRA padents with die DPBIl allele also had a disease*associated DR 
marker such as DRw8. DRS, or DRw6. 

1 0 Thus, die present invention also provides a metfiod for detecdng JRA susceptibility 

diat comprises ireadng HLA DP genomic DNA of an individual, preferably after 
amplification, with oligonucleotide probes specific for die DPBll allele and determining if 
hybridization has occurred. General practice of die invention will, however, utilize die full 
panel of DPbeta probes. As noted above, the present mediod will be useful in determining 

l'^ die DP association with a wide variety of autoimmune diseases, not just JRA. This fact can 
be more readily grasped by considering the Table below, in which die allelic frequency 
(number of alleles of the indicated DP type divided by total number of DP alleles present 
and dien multiplied by 100) for the various DP alleles in a number of patient groups and a 
control group it shown. In the Table, MS indicates multiple sclerosis patients. 
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HLA-DP ALLELIC FREQUENCIES IN SELECTED PAHENT GROUPS 
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n ■ number of individuals typed; 2n is the number of chiomosomes tested 
individuals from Nonhem California. 


; controls were 



In general, these studies of autoimmune disease suggest that the charge of 
polymorphic residues tt positions 55, 56, and 69 of the DPbeta chain are involved in 
genedc susceptibility to autoimmune disease. For instance. Ae change at posidm 55 tnm 
30 alanine to asparuie occurs in both the DPB2. 1 and DPB4.2 alleles; however, in IDDM, 
which appean to be linlced to PPB2.1, there is also a change in the amino acid at position 
69. It should be noted, though, thai is is the endre allele, and not simply an amino add ai 
one position in an allele, which appean to confer susceptibility. 
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The effect of the HLA DP alleles on autoimmune disease susceptibility reflects 
siR^ar findings in the HLA DR and HLA DQ loci. For instancet Scharf fit tl., 1988* BBS* 
£[atl> Afiftd* Sfii* USA 2li:3S04*3508» and Horn fit al^ 1988, Eq£* IM* Afiad* Sfil* USA 
jB2:6012*601 6i itpon that polymorphic residues at posidon 57 of the DQbeu chain and 
5 poddon 70 of the DRbeta 1 chain ait implicated in genedc suscepdblUty to the autoimmune 
diseases pemphigus vulgaris (PV) and DDM. 

As noted above, it is anticipated that as medical technology developSi more disease 
or disease^prone states, including Onive*s disease» systemic lupus eiythromatosis, and 
Sjogren's Syndrome, v^Il become known to be associated with various DP alleles. The 

10 present invention provides methods for distinguishing such alleles horn other alleles and so 
provides a means to identify individuals at high risk for an autoimmune disease. In a 
preferred embodiment, an individual whose suscepdbOity is to be determined is analyzed 
for HLA DP type first by using the PCR method to amplify the target region of the HLA 
DP locus. Then, SSO probes are hybridized to the amplified target region, and the 

1 5 pardcular DP allele present in the amplified DNA is determined from the pattern of binding 
of the SSO probes* Rnally, one determines whether the allele present in the amplified 
DNA is an allele associated with the autoinunune disease. 

The present method, however, is not limited to the field of medical science in ability 
to provide significant beneflis. DNA typing methods also now play a significant role in the 

20 important area of individual identification, whether for solving crimes, as when the identity 
of a criminal or vicdm is established by linking an individual widi evidence left at the scene 
of a crime, or for solving other issues of a non-criminal nature, as when biological material 
is used to determine the maternity or paternity of an individual. 

Whatever the purpose for which the present invention is employ \ *hc differences 

25 between various DP alleles Is key to the success of the method. The most slgnuicani 

differences between DP alleles can be detected quite readily when the various amino acid 
sequences encoded the alleles are aligned and examined. Such an alignment is shown 
below, where a dash indicates identity with the DPB4.1 allele (for the various DPbeta 
alleles and the DPbeu pseudogene, designated SXB) or with the DPAl allele (for the 

30 DPalpha DPA2 allele and the DPalpha pseudogene, designated SXA). In this depicdon, 
fht t^umbered positions are for the mature pepdde subunits, allele designations are at left» 
and represenudve cell sources are at right. 
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To detect and disdnguish between DP illeles in i pncdcable and economic fashion, 
however, one must know the nucleotide sequence of the alleles. Portions of the nucleotide 
sequences of various DPalphi and DPbeia alleles are shown below; the sequences are 
idendned as above. The lllusnrive primers of the invenrion enable producUon of DNA 
from which the sequence of codons 8 to 90 can be determined. TTie location of allele 
sequences that are the pitfened target sequences for hybridizadon with the various probes 
of the invention are designated as f-A-|, j-B-l, |-C-|, l-D-l. I-E-I.andl-F-I 
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The DNA sequences provided above are an Importam a^t of the present 
invention. Although only one strand of the sequence is shown* those of skill in the an 
recognize that the other strand of the sequence can be inferred from the infonnation 
depicted above. This infomnation enables the construcdm of the probes of the invention. 

S Kfany illustrative probes of the invention an shown in the Examples below. However, 
suitable SSO probes for hybriditadon analysis of the DPbeta alleles will comprise (or be 
complementary to) certain polymoiphic sequences. Six sets of Olustradve probes of the 
inventfon are depicited below; each set is designed to distinguish between the 
polynmphisms in a specific segment of the second exon of the HLA DPbeta gene. The 

1 0 designadon of the segments is as described above. The polymorphic residues encoded 
within the allelic variant in the segment to which a prob^ hybridizes is shown in one letter 
amino acid code (the dash means that prototypic residues are present in those positions) to 
the left of the probe sequence. The probes span the regions encoding the polymorphic 
amino acid residues and are shown as having a length of about 18 nucleoddes. Those 

1 5 sequences in the probe that encode the polymorphic amino acid residues, and thus must be 
included within a probe for detecting the alleles that encode the designated segment, are 
between the slash marlcs in the sequence. The DP alleles vA(h which the probe will 
hybridize are shown to the right of the probe. 
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15 



20 



Amino Arid 
Segment A: LP*0: 

VY-L: 
VY-0: 
VH-L: 



Segment B: 



Segment C: 



Segment D: 



Segnwnt E: 



25 Segment F: 



E-FA: 
E-FV: 

E-LV: 
Q.YA: 
E-YA: 
E-FV: 

AAE: 
DEE* 
EAE 
DED: 

I-K: 
l-E: 

L".E: 
L...R: 

M: 

V: 

GOPM: 
DEAV: 
VGPM; 



HLAPPbrtaSSOProbca 

taocnttccaoocmcoo 

tacnotqtaccaottsacoo 
ta(nqtotacx:aoocmcoo 
taoctocaccaottacoo 

gqgvoaqqagtrcqogcqc 
cgcnoaggaottggtvqcoc 

cggnoaqoaocrcotvococ 
cggncaggaotacgogcgc 
cxjov0a0ga0tac30o0c0c 
cggoaooaattcgrccoc 

cctgvctocggagvtacroo 
ccravATGAGOAGvrAcroo 

CCTOVAGOCGOAQVrACTOO 
CCrOVATGACOAOa'ACTQa 

GACNATCCTGOAGGAGAANO 
GACM-rcCTGOAOOAOOANO 

GAOCrCCrGOAGOAOAA\0 
OACNCTCCT0OAOOAOOA\0 
GAOCTCCTOOAOGAGAQNO 

GACAGGVATOvTOCAOACAC 

GACACGOTANTOCAGACAC 

CTOGocxiGocxxrAvraAcx: 

CTGGVACGAGGOCGSTOACC 
CTGG<rCGGOCCCA\TOACC 



DPbCttAllfilfiS 

2.U2.2, 4.1,4.2,5.7, 8, 
19 

3.6.11,13 

I, 15. 18 

9, 10, 12, 14, 17, 20 
4.1,7 

2.1, 3, 4.2. 6. 8. 9, 10. 
12. 14, 16, 17. 18. 19. 20 

2.2, 5 

II, 15 
1, 13 
10 

1,4.1,7. 11, 13. 15 
2.1, 4.2. 8. 10. 16 
2.2 5. 19 

3i6.9, 12. 14, 17, 20 

I. 4.1. 4.2, 5. 7. 18 
2.1,2.2, 8, 9. 10. 12, 13, 
16, 17 

3. 14. 20 
6 

II, 15 

2.1, 2.2, 4.1, 4.2, 5. 6, 
11, 15. 16. 17. 18.20 
1. 3. 7. 8. 9. 10. 12. 14 

2.1, 2.2, 4.1. 4.2 

1.3. 5.6,7. 8. 9. 10. 11 

15.18 



Beause the probes of the invention are single stranded for use in liybridization, it is 
important to note that merely because a probe Is designed to hybricUze with, for example, 
30 the coding sinuid, does not mean that an equally useful probe could not be designed that 
would hybridize to the complementary seque^tce present on the noncoding strand. 

The sequence informarion provided above also relates to other imponant aspects of 
the invention. The preferred primers of the invendon are designed to amplify many 
different DP alleles. In many instances, at denKmsnied in the Examples below, such 
35 primers are very useful H wever, those of skill in the ait recognize that the DN A 
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sequence infonmidon provided ibove em ilso be used to dedgn primen that will enable 
allele specific amplification. Such allele>spedfie primers will miy amplify a single allele or 
t certain subset of known alleles. For example, Uie "DEAV probes of the Invention em be 
used as one primer of a primer pair to provide for allele>spedfic amplification of "DEA V" 

5 DPbeta alleles. 

The present invention also relates to Idts that comprise a muldoontidner unit 
comprising essential components for pracddng the present method. For example, the kit 
can contain primers for PCR, u such primers are necessary in the preferred embodiment 
of the invention. These primers will amplify at least die DPbeta gene, and« when 

10 appropriate, for example in forensic analysis, primers can be included that also amplify the 
DPalpha gene. The kit must also contain SSO probes for at least the DPbeta gene, and, 
when appropriate, for die DPalpha gene as well. In some cases, die SSO probes may be 
fixed to an appropriate support nwmbrane which is usefUl for die hybridization analysis. 
Odier optional componenu that may be contained in containers widiln the kit include, for 

1 s example, an agent to catalyze the syndiesis of primer extension products, the substrate 
nucleotides, means used to label (for example, an avidin*en:iyme 0(x\jugate and enzyme 
substrate and chromogen If the label Is blorin). and the appropriate buffers for PCR or 
hybridization reactioni In addition to the above components, the kit can also contain 
instructions for carrying out the present method. 

20 A number of examples of the present invention, which are provided only for 

illustrative purposes and not to limit die scope of die invention, are presented below. 
Numerous embodiments of die invention widiin die scope of die claims diat foUow die 
examples will be apparent to tiiose of ordinary skill in die art tmm reading die foregoing 
text and following examples. In the following examples, certain techniques were standard. 

25 unless spedfically indicated odierwise. Such techniques include PLT, which was 

performed essentially as described by Shaw a. 1980, 1 Ess* Msd. 122:565>580. 
Oenerally, for lymphocyte priming, responder and stimulator cells were diawed. washed, 
and resuspended in RPMM640 medium supplemented widi glutamine and antibiotics 
(complete media). Responding cells were mixed widi Inadiated stimulator cells in a ratio of 

30 2:1. and die cell mixture was incubated for ten days at 37 degrees C The primed imdiated 
stimulator cells were co-culnired widi irradiated stimulator cells in complete media. After 
48 hours. 3H>thymidine wu added to the culnire. The cells were harvested 18 houn later, 
and tritium incorporation was evaluated by counting beta*ennission. 
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ul S!L DPB DPA 

CRK 7 1* 1 II 

RSOIOI w6 1.3 '5 

QBL 3 y i'l 

WJR 2 2 I? ^ 

Si?s J*?'^ H 2:1:1, 

SLE J;,3 P 

COX 3 I I J 

OPR W8..10 3 4 1 4 , ' 

" MRi 1,2 n I'J-* 

HHK w6 J 5 

:i ill ..2 



10 



BIN40 4 3 6 i\ 

LC2 I i'^ i*^ 1 

PIAZ 2.7 1^ 

TOK 2 

30 BM21 wll ?ft 2 

yu 2. 3 ? 

SI 3,6 0 

CDIl 2 21 

• • refers to cells with unusual DPw phenotypes. 
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As shown from the foregoing, the DNA analysis of the HLA DP subtypes shows 
that specific sequences oonelate with the known PLTnleftned DPw typings, indicating that 
the polynwtphic qAtopes lecognixed by the primed T cells are on the DPbeu chain. For 
Sonne DP types, e.g., DPw2 and DPw4, sequence analysis hu revealed subtype variants. 
S Hie variants for DPw2 have been dedgnated DPB2.1 and DPB2.2; cells typed for PLT as 
DPw4 "new" (e.g., LBl) or DPw4* (e.g., APD) oonuin the more rare DPB4.2 subtype. 
Hie DPB4.2 subtype is nwre related by set^uence to the DPB2.1 allele than to the DPB4. 1 
allele. Individual GDI I is PLT typed as DPw2, but contains the closely related DPB2. 1 
and DPB4.2 alleles. 

10 The results above also show that unique DPbeia sequences correspond to the 

DPwl, DPw3, DPw5, and DPw6 specificities, and these alleles have been designated to 
reflect this correlation. A few exceptions are. however, that cell line DRY has been typed 
as DPwS, but contains the DPB2. 1 allele, and that individual CD2 is PLT typed as DPw2, 
but contains the DPB4.2 and DPBIO alleles. 

IS E2AmBl£2 

PCR Ampliflcation of the DPalpha and DPbcia Qencs 
The DPalpha and DPbeta genes of some of the cells described in Example 1 were 
amplified by PCR. The primers used, which were synthetic, are shown below. In this 
depiction, the left side primers. OH98 and DBOl, are from the upper strand, and direct 

20 DNA polymerase to extend rightward. The right side primers. QH99 and DB03, are from 
the lower strand, and direct synthesis leftward. The areas of the genes to which the 
primers bind, and which will act u templates for primer extension are also shown. Lower 
case leners indicate bases in the primer that are not complementary to the target genomic 
DNA (shown in the opposite strand). These changes in the primen Incorporate restriction 

25 enzyme sites (QaidHI or £sil) at the ends of the amplified DNA and facilitate cloning of the 
amplified DNA. The oligonucleodde primers OH98 and GH99, which are used for the 
amplificadon of the second exon of DPalpha, amplify a 243 bp segment. The first two bp 
of the PCR product are from the intervening sequence which flanks the exon. The 
oligonucleotide primers DBOI and DB03 amplify a 294 bp segment of the second exon of 

30 DPbeta. The left 1 3 bp and the right 17 bp of the product are from the Intervening 
sequence. 
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Hybritfizaiion of the primers and the synthesis of the elongtied primer containing products 
were essentially as described in BP 258.017 and in the protocols provided by the 
manufacturer, PECI, of the Thermal Cycler used to perform the PGR. Amplification was 
foi- 28 cycles; however, more, I.e., 35, cycles can on occassl6n yield better results. 

Two other Illustrative primers of the tnvendon for amplifying the second exon of 
5 DPbea alleles are designated UO 19 and U02 1. The sequences of these primers and the 
other illustrative DPbeta prinners of the invention are shown below. 

DPheta Primers 

Designation sssmst Sids 

DBOl CAGGOATCCGCAGAQAAITAC Uft 

10 DB03 OTCCrOCACTCACrCACXrrCOOCO Right 

U019 OCTOCAGOAOAOTOOCOCCTCCGCTCAT Ufi 

UG2I CGOATCCGCCCXVVAAGCXXrrCACTC Right 



EMmpIc 3 

SSQ PpobeH for Hvbridigntion An«lv<i« of DPbeta Aileles 

1 5 Illustradve probes of the invention referred to throughout the remainder of the 

Examples are described below in tabular form. In the Table, the probe designadon, probe 
sequence, polymorphic amino acid sequence encoded in the region of the allele to which the 
probe hybridizes, segment designation, and hybridization and wash conditions are shown. 
Probes are shown as having a a? or "X" label, where X represenu HRP, as discussed in 

20 the Examples below. Where a probe sequence Is indicated by an X followed by a probe 
designation, the sequence of the probe is identical to that of the probe designated after the 
X, except that the 32p Ubel has been replaced by an HRP label. 

Hiose of skill in the art recognize that depending on the type of label used, 
hybridizadon and wash conditions will differ. Although, in a preferred embodiment, the 

25 probes will be labeled nonisotopically (e.g., with HRP), some of the probes have been 

used with isotopic (e.g., MP) labels. Consequently, hybridizadon and wash conditions for 
33p.labeled and HRP*labeled probes are shown, where such conditions have been 
empirically determined (see Bugawan fii gl., 1988, 1. InunUQSd. IlL(12):4024-4030). In 
the Table, the conditions referred to assume a hybridization solution composed of 5 x 

30 Denhardt's solution, 0.5% SDS, and the indicated amounts (i.e., 0.1 x, 3 x, 5 x) of SSPE. 
Five X Denhardt's solution conuins 0.5 g Flcoll, 0.5 g polyvinylpyrrolidone, 0.5 g BS A 
(Peniax Fraction V) per 500 ml. The wash solution contains 0. 1 x SSPE and 0. 1 % SDS 
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(for HRP-tabeled probes. 0. 1 % 'Wion XOOO wm used In place of SDS); the wash step is 
carried out at ihe Indicated tennperature for ten nnlnutes. As described in Example 1 1 . 
however, the use of teiramethyl ammonium chloride, or similar salts, can be used to allow 
for more unifonn hybridization and wash conditions, a preferred condition when a number 
5 of probes are used in a panel to detennine the types of DP alleles in a sample. 
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m for HLADPbtta Typing 



Probe Amino Add 
Derignirion Sequence 



Pmhe Sequence 



Region Hvbridit'nAVash 

Condtriona 



10 



20 



25 



30 



35 



40 



45 



DBIO 
DB27 
DBll 
DB28 
DBS8 
DB23 
DB36 
DB12 
DB29 
DB22 
DB35 
DB13 
DB30 
DBI4 
DB31 
DBI6 
DB32 

DBS9 
DB17 
DB33 
DB18 

DB34 
DBI9 
DB37 
DB20 
DB38 
DB21 
DB39 
DB62 
DB63 
DB25 

DB40 
DB26 



LFQO 

LPQO 

VY^ 

VYQL 

VYQL 

VYQL 

VYQL 

VYQO 

VYQO 

VHQL 

VHQL 

AAE 

AAE 

DEE 

DEE 

EAH 

EAE 

EAE 
DED 
DED 
I-K 

IK 

I-E 

I-E 

L>K 

L-K 

L-E 

L-E 

L-E 

L.R 

GGPM 

00PM 
DEAV 



DB41 DEAV 



SiP-GAATTACCmTCCAGOOA A 

X-DBIO A 

SiP-ATrACMTOTACCAOTTACO A 

X*DB11 A 

X-ATTAOGTOTACXIACTrA A 

X.C0TAACTG0TACACX3TAAT A 

X>DB23 A 

3lp.00TCCrTG0TACA00TAAT A 

X-DBI2 A 

32p.ATrACGTGCACCAGTTACXJ A 

X-DB22 A 

32P.CCT0CTGCG0AGTACT0 C 

X.DB13 C 

32P.CAGTACTCCTCATCAGG C 

X-DBI4 C 

3jp.CACTACTCCX5CXrrCAGa C 

X-DBI6 C 

X-CCTGAGGCGGAOTACTO C 
32P-CCT0ATGACCACTACT0 C 
X-DB17 C 
3 JP-OACATCCTOGAOGAGAAGC D 

X-DB18 D 
32P.CCTCCTCCTCCA00AT0TC D 
X-DBI9 D 
32P-GACCTCCT0GAG0A0AA0C D 
X-DB20 D 
32P.0CTCCTCCTCCA0GAGGTC D 
X-DB2I 

X-OACCTCXnXjOAGGAGGAG D 
X<}ACCTCCTOGAGGAGAGG D 
32P.CT0CA0G0TCATGGGCC. 
CCCX) F 
X-DB25 F 
32p.CT0CAG0GTCACX}GCXrr. 
COTC F 
X>DB26 F 



50742* HjObaih 
50V4ralr 
55742' HjO bath 
55742* HtO bath 
" 42742* air 
0*/42* H^O bath 
50'/42*aii 
50*/42*H2Obath 
50*/42*H2Obath 
55*/42*H20bath 
50*/42*H2Obath 
55*/42*HjObaih 
50*/42*H2Obath 
42*/42* H2O bath 
42*/42*H:Obath 
42*/42* HjO baih 
@ 42*/42* H2O 

> 50*/42* H2O baih 
• 50*/42* H2O bath 
I 50*/42* air 
5 55*/42* HjO 



1 55*/42* 
50*/42* 
' 55*/42* 
' 55742* 
55*/42* 
50*/42* 
50*/42* 
50*/42* 
50*/42* 



H2O bath 
H20bath 
H20bath 
H2O bath 
H20bath 
H2O bath 
air 

H20bath 
H20bath 



5x®50*/42* H20bath 
3x@50*/42* H20bath 

5x®50*/42* H20bath 
3x(§>50*/42* H20bath 



With reference to (he Table above, one should note that because DB28 cross- 
hybridizes with DB32. superior results can be obtained using probes DB58 and DB59 in 
place of DB28 and DB32, respectively. In addition, probe DB63 is preferred over DB39. 
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SSQ Prebei far HyWdlation AnilYsia of Dftlpht Alltto 

Exunpln of suitible SSO probes for liyMdiuiion anilyds of DPilpha alleles are 
shewn below. Two sen of probes ire ttlustrsted; each set is dedgned to distinfuish 

5 between the polymorphisms in • specific segment of the second exon of HLA DPalpha 
gene. ASOl and AS02 bind to the DPAl allele at the re^on containing the polymorphic 
segments containing methionine (M) and glutandne (Q)t tespeedvely. AS03 and AS04 
bind to the DPA2 allele to the region eonuinlng the pcdymorphie segments which contain 
glatandne and arginine 0^), lespectively. AS02 and AS04 disdnguish the polymorphic 

10 segment containing glutandne from that containing arginine. The probes span the regions 
encoding these polymorphic amino acid residues. Hybridization using these probes is 
usually carried out in a solution containing S x SSPE, 3 x Denhardi's, and 0.5% 5DS, for 
at least 1 hour at 42*C. Also shown are the washing conditions for use with the probes. 



HLA DPalpha SSQ Proto 







2yashing.Condiiions 


ASOl 


AOATOAOATOTrCTATO 


2xSSPB,0.1%SDS. 42* 


AS02 


GTTTCOCCAAGCCrnr 


2xSSPE,0.1%SDS. 50* 


AS03 


AOATOAOCAOTrCTATO 


2xSSPE.0.1%SDS. 50* 


AS04 


OTTTOOCCOAOCCTTTT 


2 x SSPE, 0.1% SDS,5S* 



20 Esamslfii 

Analvria of AmoHned DPbeta Seoueneea bv HvhricUnrion with S<!n Pmh..« 
PCR amplified DPbcta sequences 24 HTCs were analyzed in a dot blot format 
with a panel (n*9) of 3>P>labeled SSO probes, and the DP type was inferred f^m the 
pattern of probe binding. The extraction of DNA ftom the cells was as described in 
25 Exvi^Ie I. The target regions of the cellular genome, i.e., the second exon of the DPbeta 
gehesi were amplified by the PCR technique as described In Example 2, except that the 
DNA WIS flom the cells listed in tt^^ 
f 

panel (k sampl^^ To dot 

50 blot ti^lnmples^^^^^^ of each ampHfied sample were diluted with 195 

ndcibUtm of tMlution containing 0.4 N NaOIfaiJ 25 mM EDTA and spotted onto 9 



W089/11S47 



PCr/US89/02l69 



37 

lepUcate Oenatrut 45 (Plisco) nylon fUten l^y fint wetting the filters with water, placing 
them in a Bio>doi (Bio-Rad. RiehmGnd, CA) apparatus for preparing dot blots, applying 
the samples, and rinsing each well with 0.4 ml of 20 x SSPB (3.6 M NaQ, 200 mM 
NaHjPO*, and 20 mM EDTA). The filters were removed, rinsed in 2 x 3SPB, aiid baked 

S for 30 RUnutes at 80*C in a vacuum oven. 

The samples on the filten were hybridlied with SSO probes of the invention. 
Hybridiarion was with 0.25 to a5 pmoles of probe in 2 to 5 ml of hybridizadon solution. 
Hybridiation and wash conditions were u described in ubular form in Example 3. TT^e 
results of this DPbeia typing are shown below, which also shows the probe wiih which the 

0 umples on the filter were hybridized and the encoded amino acid sequence detected by the 
probe. 
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The detemtinuion of DPbeit types of the cells btsed upon the hybridization 
analysis with the SSO probes has been discussed above. To detennine the DPbeu type of 
a saniple, the binding of the probes to the sample was examined. The alleles present were 
infened ftom the pattern of probe binding. Fbr example, sample 1 formed hybrids with 
S SSO probes DBll.DB 17, and DB20. The amino acids encoded by DBIl.DBl?. and 
DB20 are VYQU DED, and LEEK, lespecdvely. An examination of segments A. C. and 
D of the DPbcta allelic amino acid sequences shows that the sequence VYQL is present in 
DPB6, DPBl 1. and DPB13; the sequence DED is present in DPB17. DPB14, DPB12. 
DPB9. DPB6. and DPB3; the sequence LEEK fL m {$ present in DPB18, DPB 14. 

10 DPB4.1, DPB4.2, DPB5. DPB7, DPB3, and DPBl. The only allele which contains the 
three sequences which hybridize with the probe is DPB3. Thus, the DP type of sample 1 
based on SSO typing is DPB3. 

The DPB types of the other samples were inferred by the same type of analysis, and 
the determined types are depleted above. In the dcpicdon. the asterisk (*) indicates cells 

1 5 where the DPbcta genotype was also determined by sequence analysis. The DPw type of 
the cell lines COX (forn»erly wl-»w3) and BM21 (fomeriy wl-»blank) have recenUy 
been changed to the type indicated. The symbol ± refers to a weak signal obtained with a 
probe. In some cases (BM2 1 and TOK). this weak signal leflecu the presence of an 
addidonal polymorphic sequence in region A encoding the amino acid residues VHYL, 

20 which cross-hybridizes to the DB 1 1 probe. The sequence can be more conveniently typed 
with region A probe DB22. For other cell lines (BM92). there is apparently a background 
cross-hybridlzatlon of the DBl I probe to the sequences recognized by the DB 10 probe. In 
similar fashion, cross-hybridlzadon signals can occur with the DB19 probe on sequences 
complementary to the DB 18 probe. 

23 The panel of SSO used In this Example detecu variadon at only 3 of the 5 

polymorphic regions and does not detect all allelic variana at these 3 regions. The typing 
system using the procedure of this example is simple and unequivocal for HTCs, but given 
the patchwori( pattern of polymorphism, can occasionally give rise to ambiguous typing for 
heterozygous individuals if the hybridization pattern of the various probes can be 

30 interpreted as more than a unique pair of alleles. This ambiguity arises firom the many 

different combinations of the DPbcta sequence variants that constitute die different DPbeu 
alleles. However, witii the use of the additional SSO probes provided by die invention. 
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which tddidonal probes span the remaining polymorphic regions, unambiguous typings 
can be obtained for heterozygous individuals. 

HLA PPTVping of Ooftliw DisMM Pfttimtt 
5 by DNA Sequence Antlwla of PCR Amplifled Ttfgfit Regions 

Hie cells o( four patients with coeliae disease {CD) were PLT>typed, and the DNA 
sequences of the second exon of the DPbeta deiemdned u described in Example 1 . The 
O) diagnosis was based on clinical symptomology. 

Hie resttlB of the analysis obudned by DNA sequendng of the DPbeta (second 
10 Mon) of the CD cells has been discussed above. Prom these results, one observes that, 

when CD cells are compared to non>CD cells, there is an apparent increase in the frequency 
of the DPB4.2 allele. In addition, the DPBIO allele sequence is present in two independent 
CD patients yet observed in only one of the 30 non>CD cell lines. 

15 HLA DP Tvping of OoeHae Diseasa Parienw 

by SSO Probe Hybridizarion Analysis 

The cells of 19 patienu with CD and of 43 non<CD connols were analysed for HLA 
DP type by SSO probe hybridiadon analysis. The diagnosis of CD was based on clinical 
symptomology; the CD patienu as well as control individuals were all from Italy. DNA 
20 extraction was as described in Example 1 . PCR amplification of the samples was as 
described in Example 2. Analysis of the amplified sequences was as described in 
Example 4. 

The results of the analysis showed that there was a significant increase in the 
DPB4.2 allele in CD patienu as compared to non>CD controls; this allele was present in 12 
25 of 19 CD patienu. but only 3 of 43 control patienu. The DPB4.2 and DPB3 alleles were 
present in 17 of 19 CD patienu and in IS of 43 controls. The genotype DPB4.1/4.2 was 
present in 10 of 19 CD patienu and in only 1 of 43 controls. 

Example 8 
HLA DPTvpiny of Porensie ^■mplei 
30 Samples which conuin genomic nucleic acids of the suspect individual are 

obtained. The tarfct regions of the genome, i.e., the regions containing the second exon of 
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derividve mi probe derivtiive ire mixed Mfeiher ind allowed to react to fonii the labeled 
probe. A Uodn*labeled probe or pritner may be prepared by tHailu methods. 

Samples which contained hybridized probe were detected using a color development 
reacdon. as described in Sheldon tt Al» 1986 Ems* IM' Astd> M USA £1:9085*9089, 
5 wMch utilizes TMB/H2O3. The detection system is described in Example 10 below. The 
HLA DP genotypes of the amplifled DNA san)ples were readily apparent from the fillers. 



10 A. PCR AmplifiCTrton 

DPB typing can utilize as many as or more than 14 SSO probes (sequence spedflc 
oligmudeotides), so ampUflcation is carried out on 0.S to two micrograms of DNA. in 200 
microliters of reaction volume, if DNA is not limiting. Lower amounts of DNA, i.e., 100 
ng, can be ampliTied, but more cycles of ampUflcation should be performed with such 
15 samples, i.e., 43 cycles. 

The PCR reaction is started by mixing the following by vonexing for 1 to 2 
seconds. 



Gtass*distilled H2O is added to achieve a final volume of 200 pi. 10 X Taq salts are 500 
2S mM KCI; 100 mM Tris. pH 8.3; IS mM MgQa; and 1 mgAnl geladn. Negadve controls 
(i.e., no DNA) should be included in each PCR run. Tjpically, 30-35 cycles of 
amplificadon in a Perldn>Elmer/Cen)S Insirumenu DNA Thermal Cyder are suffldent. The 
cycles are designed to denanire at 96*C for 30 seconds, and anneal and extend at 65*C for 
30 seconds. If primer pair DB01/DB03 is used, annealing is at 55*C for 30 seconds and 
30 exten(Ung is at 72*0 for 30 seconds. Analytical gels can be used to check PCRs and to 
quandute amount of DNA to be used for dot*blots. 



Example 10 

HU DPlxtt Typing yiih HRP Labeled SSO Prob« 



20 



DNA 

10 X Taq buffer 
lOOmMdNTPs 

DPB primer |1 0 pM U019 or DBOl] 
DPB primer 1 10 pM UG21 or DB03} 
Taq polymerase 5 UAil 



0.5 to 2 )i$ 



20^1 
1.5^1 
10^1 
10 Ml 
1.2^1 
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TVpieaUy, 5 M) of the amplified DNA conudn tpproxlm&tely 200 ng, more than 
enough for t single dot blot. Remember, however, that ts many u or more than 14 dots 
may be required, i.e., about 70 |il of the ampliflcadon reaction would then be used in 

5 preparing the dot blots. Fbr each 5 ^1 of amplification reacdon, 50 ^1 of 0.4 N NaOH and 
25 mM EDTA are added to the DNA. Five minutes is sufficient to complete denaniradon of 
DNA. Tite Oenatran membrane is first wetted In 2 x SSPB, and then the 150 pi of 
denanired DNA are loaded into the dot blot appaiams. Hie membrane is rinsed in 2 x 
SSPE. and the DNA is fixed to the membrane with exposure to UV light for five minutes. 

1 0 i.e., by a 55 mJfaifl exposure in a Straialinker 1 800"* UV light box, marketed by 
Siratagene. , 

C. Hybriditaiion 

The membrane is again wetted in 2 x SSPE, and about 5 ml of hybridization 
solution per 8 X 12 cm membrane (size of dot blot apparatus) are added. About 1 to l.S 

1 5 picomoles of HRP probe are added per ml hybridizadon soludon, and the probes are 

allowed to hybridize for at least one hour. Hybridizadon soludon is SSPE (as indicated 
above), 5 x Denhardt's, and I % Triton X*100. The membranes are then washed with 0.1 
X SSPE and 0.2% Triton X* 1 00 for ten minutes. Otherwise, hybridizadon and wash 
conditions were as described In Example 3. The probes used were DB27, DB29, DB30, 

20 DB31, DB33. DB34. DB3S, DB37. DB38, DB40, DB41, DBS8. DB59. DB62. and 
DB63. 

D. Cfitfisdoa 

The following steps for deiecdon of probes are done at room temperamre with 
25 moderate shaking and Just enough soludon to completely cover the membrane, as is 

described in Bugawan fit al., 1988, BiQ/Tgehnolofy fi:943*947. The detection is carried 
out by a 5 minute ineubadon of the membrane widi Buffer B, a 5 minute was with Buffer 
C and 10 minutes incubation under light exclusion widi Buffer C and TMB (48 ml of 
Buffer C and 2.5 ml of 2 mg/ml TMB). Buffer B is 100 mM NaCl , 1 M urea, 5% Triton 
30 X* 100, and 1 % dextran sulfate. Buffer C is 1 00 mM sodium citrate, pH 5.0. TMB is 3, 
3', S, 5'*tetramelhylben^ine. About 23 ^1 of 3% H2O2 are added to 50.5 ml of Buffer 
C/TMB: d\e resulting soludon is used to develop the color on die membranes (color comes 
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up widiln 1-5 minutes) under Ughmcluding conditions. The color development is 
stopped by washing in H2O with 1 small amount of Buffer C Hie wash is repeated twice 
for 30 minutes. Hctures of the membrane are taken and the membrane is stored in Buffer 
C under no light 

5 Hie methods described herein, as weU as the SSO probes and primers, and kits 

containing them, are useM for the accurate, reladvely simple, and ecmomic determination 
of an individual's HLA DP genotype: Accurate DP typing will prove important in several 
medical applieadons. For example, accurate HLA DP matching of donon and recipients 
will be helpful in the prevention of allograft rejection and in dte prevention of host versus 

10 graft disease. Because cenain HLA DP genotypes appear to be linked to certain 

autoimmune diseases, including, for example, coeliac disease, myasthenia gravis, and 
IDDM, HLA DP DNA typing is useful in an early diagnosis of the disease, prior to 
manifestation of full clinical symptoms. 

Accurate HLA DP typing is useful in forensic medicine. For example, it provides 

15 evidence as to whether a sample which contains genomic nucleic acids, for example, blood, 
hair, or semen is derived from a suspect individual. It is also useful in determining an 
individual's paternity or maternity. The latter is of panieular importance in analyzing 
historical samples. 

EMmplcH 

20 Proix HybriditMlon in TMACL 

When tetnmethly ammonium chloride (TMACL) is present in a hybridization 
solution, probe discrimination is based on probe lengd) and not on the 0, C, A, cr Y 
composition of the probe. Thus, by using TMAO. in the hybridization solution, one can 
hybridize and wash many different probes at a single temperantre. 

25 A suitable hybridization solution for this puipose contains 3 M TMACL; 0.5% 

SDS; 10 nM THs*HCI, pH ■ 7J; and 0.1 mM EDTA. Hybridizations are carried out at 
55*C for 30 to 60 minutes for 19-mer probes DB27, DB28. DB29, D635. DB34, DB37, 
DB38, and DB62: at 50*C for 17'mer probes DB30, DB31. DB33. and DB59: and at 60*C 
for DB40 and DB4 1 . The wash solution is 3 M TMACL; 50 mM Tris>HCl . pH ■ 8; and 2 

30 mM EDTA. The wash is carried out first at 37*0 for 20 minutes, tiien at the higher 
stringency temperanine (die hybridization temperanire) for 10 minutes. Detection of 
hybridization is carried out as described in Example 10. 
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Addirional probes useful for this, or any other, hybridization format for purposes 
the present invention are shown below (X Is HRP). 



Probe 

Desipiarinn 

DB70 

DB92 

DB93 

DB94 

DB9S 

DB64 

DB72 

DB73 

DB74 

DB7I 

DB75 

DB76 

DB77 



SfiOUfiOCfi Lenph 

vo^AIKfiSriTrcCAOOOAC 20.MER 

^•AOCTOOOCOOOCCCATOAC ls5S^ 

X-ACATCCTOGAOOAOAAOC Ig-NffiR 

5*ACATCCTgOAOOAOOAGC IS-KffiR 

J-ACCTCCTGOAGOAGAAOC IS-MER 

$*XIi£9IST^ACCTG0GAC 17.KffiR 

X-CCTOATGAGOAOTACTO H-MER 

X-CTCGGCGGCCCCATO I5.£ffiR 

X.CTGGACGAGGCCGTO if-ll^ 



Amino Add 

Sssmss 

LFQG 

L-E 

L-R 

GGPM 

DEAV 

VOPM 

I-K 

I-B 

L-K 

VYQG 

DEE 

GGPM 

DEAV 



^* aeflnlnj th, invention m „ tou^,, 

»eid» ia thi uunph- "»« ori DPbtta g«n« in th> nudeic 

b) »>i«in«tb»«iBplia«d nucleic iddiirin,.-. • , 
olifonucLotid, (SSO)pwb.i ww7„ 1.1 • P'nd of .„u.nc .p,cific 

c) detecting hybrids formed betwisen th* j 

SSO probes. ^ amplified nucleic adds and the 

2. The process of Claim 1. whsrsin «\ 
DBOl. DBOS. U019 «rf U021 '^^ of 

. v^«. Cnc «r::^rvrr.r.r.d^.rcr- ^ 



6. The process of Claim 4. wherein the probes of the panel are 
selected the group consisting ofi 

StSAATTACCrnTCCAOCOA; S'ATTACCTOTACCACmCX}; 

5 ATTACCrOTACCACTTA; 5OTAACTOOTACACX3TAAT; 

5C07CCCrOOTACACCTAAT; SAmCOTOCACCACTTACG: 

SCCTOCrOCOOACTACrC; 5X>CTACTCCTCATCAC0; 
5 5<:aGTACTCCCCCTCAG0: 5CCTCA00C00A0TACT0! 

5 WGATOAOOACTACrC; 5«ACATCCrOOAOOAOAAOC; 

5«CTCCrCCTCCA00ATCTC; 5«ACCTCCT00AOOAGAAGC; 

5XJCTCCTCCTCCA0GAGGTC; SXJACCrCCTOGAGGAOGAG; 

5«ACCTCCT0CA00A0A00; SWCAGGCTCATCOOCCCCCC; 

S-CrCCAOOOTCACOOCCTCOTCj 5«AATTACCTnTCCA00GAC 

S«ACCTCaOOAGOAOOAOC;5"OACCTCCrOOACGAOAGGC: 

5'AOCTOOOCOGOCCCATOAC; 5'AOCTOOACGAOOCCOTOAC; 

5CT0CTC0GCCCCAT0ACC; SACATCCTOGAOOAOAAGC: 

5-ACATCCTOGAOOAOGACC; SACCTCCTOGAOGAGAAOC: 
^° 5mCCTCTACCrOCCAC-.5WOATGAGGAOTACTG; 

5'CTOOCCOOGCCCATC: ind 5*CTCGACCAG0CCGTG. 

6. An oligonucleotide probe selected £rom the group consisting of: 

SiGAATTACCmTCCAGGGA; SATrACCTCTACCAGTTACG; 
yATTACOnOTACCACTTA; SWrAACTOOTACACCTAAT: 
5COTCCCrOOTACACOTAAT; SAmCOTOCACCAGTTACG; 
5WrOCTOCOOAOTACTG; 5«AGTACTCCrCATCAGG; 
" 5CAOTACTCCOCCTCAGG:5WOAGGCGGAGTACrO: 

5CCrOATOAGOACrACTOs3GACATCCrGGAGGAGAAGC; 
SOCTCCTCCTCCAOGATCTC; SGACCTCCTOGAGGAGAACC; 

S^CTCCTCCTCCAOCAGGTC: S«ACCTCCTOGAGGACGAO; 
SGACCTCCTOGACGAGAGC: 5'CT0CA00GTCA7G00CCCCCC: 
SrrCCAOOOTCACOGCCTCOTC: 5X}AATTAC CI I J iC CAOGGAC; 
5XSACCTCCTOGAGGA0GA0C; 5t5ACCTCCTOGAGGAOAOCC; 
5'AGCTOGGCGGGCCCATOAC: S'AGCTGGACOAOOCCGTGAC; 
5'CrOOTOOGOCCCATOACG SACATCCrOOAGGAGAAGC; 
20 5ACATCCrOOAGGAOGACC; 5ACCTCCT00AGGAGAAGC; 

JTTACCTOTACCTGGGAC: i-CCTOATGAGGAOTACTO; 
5'CTOOOCOGGCCCATG: in<J SCTGGACGAGGCCGTG. 



7. A primer selected from the group consisting of DBOl, DB03, UG 19 
and UG21 primers. 
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B. Sequence ipedfie oligonucleotide (SSO) probes useful for 
determining an individuel*! HLA DPbeta genotype from a nucleic acid 
containing sample obtained form the individual, each of said probes 
comprising a nucleotide sequence that is totally complementai^ to a variant 
sequence of a variable eegment selected ttom the group consisting of the 
variable segments located at codons S*ll, 36, S5-67, 65^69i 76 and 84*87 of the 
second exon of a DPbeta allele, 

9. Sequence specific oligonucleotide (SSO) probes according to Claim 
6 wherein the probe is 17 to 23 nucleotides In length, 

10. A kit useful for determining an individual's HLA DP genoi>7>e 
comprising a panel of SSO probes for allelic variant sequences in said target 
region according to Claims 8 or 9. 

IL The kit of Claim 10 farther comprising a container containing 
oligonucleotide primers useful for amplification of target region comprising 
exon two sequences of an HLA DPbeta gene* 

12. A process for determining an individual's susceptibility to an 
autoimmune disease comprising determining the individual's HLA DPbeu 
genotype according to the process of Claim 1 and determining whether the 
individual's genotype is one which is linked to an autoimmune disease. 

13. The process of Claim 12» wherein the autoimmune disease is 
juvenile rheumatoid arthritiSi and the individual's HLA DP genotype 
comprises the DPB2.1 allele* 

11 The process of Claim 12, wherein the autoimmune disease is 
insulin dependent diabetes mellitut. 

15. The process of Claim 12, wherein the autoimmune disease is 
coeli/ac disease and the genotype is positive for an allele selected from the 
group consisting of DPBIS, DPBl, DPB3 and DPB4.2. 

16. A process of providing forensic e\ndence concerning the derivation 
of a sample which contains genomic nucleic adds comprising determining 
according to the process in Claim 1 the HLA DPbeta genotype of the sample 
and of a suspected individual, and comparing the HLA DPbeta genotype of 
the individual and of the sample. 
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17. A prceeu for detennining tn individual'i HLA DPbett Benotv^ . 
nuclelc^ld containing «mple c^ulned U.e indlvlduJ^ubruVyT^^^^^ 
described wlthrefefenceiotnyoneoflheEximples. «*n""'y « hereinbefore 
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